Obesity, which is characterized by excessive fat accumulation, occurs by fat absorption by lipase and sequential fat accumulation in adipocytes through adipocyte differentiation. Thus, inhibition of pancreatic lipase activity and adipocyte differentiation would be crucial for the prevention and treatment of obesity. Investigation of anti-obesity compounds from Parthenocissus tricuspidata stems resulted in the isolation of nineteen compounds including five acetophenones, five flavonoids and nine stilbene derivatives. Among them, the stilbene derivatives showed the most potent anti-obesity effects. Stilbene monomers showed strong inhibitory activity on both adipocyte differentiation and pancreatic lipase, followed by stilbene dimer and trimer. Flavonoids showed mild inhibition on adipocyte differentiation, whereas acetophenones showed little effect in our assay system. Taken together, P. tricuspidata might be a new candidate for the development of obesity treatment.
Obesity is one of the major threats to global health due to the association with several pathological disorders, including fatty liver, diabetes, hypertension, atherosclerosis and cancer [1] . Obesity stems from a prolonged imbalance between the levels of energy intake and expenditure, with the surplus being stored as body lipids [2] . Energy intake starts from fat absorption through digestion of fat into monoglycerides and fatty acids mainly by pancreatic lipase. Orlistat, a specific pancreatic lipase inhibitor, has been clinically used for the prevention of obesity [3] . Absorbed fat is further accumulated into adipose tissue via abnormal growth of adipocytes characterized by increased numbers of fat cells storing their lipids through excessive adipocyte differentiation. Therefore, therapeutics for obesity using synergic inhibitory action on both lipase and adipocyte differentiation are preferred for the most effective way to treatment of obesity [4] .
Parthenocissus tricuspidata Planch. (Vitaceae) is a woody vine that grows on old stumps and rock piles [5] . A number of stilbene derivatives with interesting biological activities have been isolated from P. tricuspidata [6] . In the course of screening, the total methanolic extract of P. tricuspidata stems significantly inhibited the adipocyte differentiation and pancreatic lipase activity. The methanolic extract was further fractionated into n-hexane, CHCl 3 , EtOAc and n-BuOH fractions. Among them, the EtOAc fraction showed potent inhibitory activity on adipocyte differentiation (21.8  5.0% of control, p < 0.001) and pancreatic lipase (51.1  4.2% of control, p < 0.01). Thus, we attempted to isolate and characterize active compounds from P. tricuspidata.
Further fractionation and separation of the EtOAc fraction by several chromatographic methods yielded nineteen compounds: five acetophenones, 2,3,4,6-tetrahydroxyacetophenone (1), myriciaphenone A (2), lalioside (3), syringic acid (4) and vanillic acid (5), five flavonoids, engeletin (6), isoengeletin (7), astilbin (8) , (+) catechin (9) and gallocatechin (10), and nine stilbenoids, transresveratrol (11), piceatannol (12), pieced (13), cis-resveratrol (14), dihydroresveratrol (15), pallidol (16), tricuspidatol A (17), cismiyabenol C (18) and α-viniferin (19) (Figure 1 ) by direct comparison of their physicochemical and spectroscopic data with those previously reported [6, 7] . Among them, compounds 1, 3-8, 10, 18 were first reported from this plant.
The inhibitory activity of the isolated compounds on adipocyte differentiation was determined. Our study showed that stilbene monomers, except compound 15, potently inhibited fat accumulation ( Figure 2 ). Among them, compound 12 showed the most potent inhibition and almost completed inhibited fat accumulation. Compound 12 showed dose-dependent inhibition of fat accumulation ( Figure 3C ) without any significant decrease in cell viability ( Figure 3D ). Therefore, we further examined which stage of adipogenic differentiation was effectively inhibited by compound 12. As shown in Figure 3 , the compound was more effective when administered during days 0-2, followed by days 2-4 and 4-8 ( Figures 3A and 3B ). These results suggest that compound 12 could effectively inhibit the early stage of adipocyte differentiation. Next, the effects of isolated compounds on pancreatic lipase activity were investigated (Figure 4) . Similar to the results on adipocyte differentiation, stilbene derivatives showed significant inhibition on pancreatic lipase activity.
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Compounds isolated from P. tricuspidata in this study can be divided into three groups depending on structures; phenolic compounds (1-5), flavonoids (6-10) and stilbene derivatives (11-19). Flavonoids can be further divided into flavonols (6-8) and flavans (9 and 10). Stilbene derivatives also can be further divided as monomers (11-15), dimers (16 and 17) and trimers (18 and 19) . Among the isolated compounds, stilbene derivatives showed the strongest inhibition, followed by flavonoids and acetophenones. Stilbene derivatives (11-19) showed significant inhibitory activities on both adipocyte differentiation and pancreatic lipase. Stilbene monomers which possess either a trans-or cis-double bond in their structures (11) (12) (13) (14) showed strong inhibitory activity. However, compound 15, which has an identical structure to compound 11 except for the absence of trans-double bond, showed weak inhibition on pancreatic lipase. Stilbene dimers (16 and 17) and trimers (18 and 19) also showed significant inhibitory activity on both adipocyte differentiation and pancreatic lipase. Among flavonoids, flavans (14 and 15) showed mild inhibition on adipocyte differentiation, whereas flavonone glycosides (11-13) showed little effect. Acetophenones (1-5) showed little effects in our assay system. Natural products contain diverse constituents, which allow multiple activities. Therapeutics for obesity can be developed by various ways such as lipase inhibition, suppression on food intake, stimulation of energy expenditure, inhibition of adipocyte differentiation and regulation of lipid metabolism [4] . Synergic action of these mechanisms is preferred for the most effective way to treat obesity. Our present study showed that P. tricuspidata contains diverse compounds such as acetophenones, flavonoids and stilbene derivatives. Our study also showed that stilbene derivatives strongly inhibit both fat accumulation and pancreatic lipase. Flavans showed inhibition on fat accumulation. Therefore, we suggest that an extract of P. tricuspidata might exert synergic action in the management of obesity by combinatorial action of these stilbene derivatives and flavans on the inhibition of fat absorption and accumulation. Our study also showed that compound 12, the most effective stilbene derivative, was more effective on the early events of adipogenesis, which suggested that P. tricuspidata is more effective in the prevention rather than the treatment of obesity. Although further investigation of other anti-obesity mechanisms such as effect on food intake and energy expenditure is still needed for better understanding, our present results provide further insight into the design of new approaches for anti-obesity therapeutics.
Experimental
Plant material: The stems of P. tricuspidata were purchased from the local herbal market, Chungbuk, Korea in May 2011. They were identified by the herbarium of the College of Pharmacy at Chungbuk National University, where a voucher specimen was deposited (CBNU201105-PT).
Isolation of compounds:
The stems of P. tricuspidata (1.0 kg) were extracted 3 times with 80% MeOH using sonic apparatus, which yielded the methanolic extract. This was then suspended in H 2 O and partitioned successively with n-hexane, CHCl 3 , EtOAc and Anti-obesity effects of Parthenocissus tricuspidata constituents Natural Product Communications Vol. 8 (10) 2013 1441 n-BuOH. The EtOAc fraction, which showed most potent activity, was subjected to further chromatographic separation. The EtOAc fraction (PTE) was subjected to silica gel CC with a mixture of CH 2 Cl 2 -MeOH to give 7 fractions (PTE1-PTE7). Several of these were separately subjected to CC over Sephadex LH-20, eluted with MeOH, to give, for PTE2, compounds 1, 4 and 5, for PTE3, compounds 11, 14 and 15, and for PTE4, compounds 6 and 12. PTE5 was subjected to CC over silica gel eluted with CH 2 Cl 2 -MeOH to give 5 fractions (PTE5A-PTE5E). PTE5B was fractionated by CC over Sephadex LH-20 eluted with MeOH to give 6 subfractions (PTE5B1 -PTE5B6). By semi-preparative HPLC and elution with MeCN-MeOH-H 2 O (17:23:60), compounds 2, 7, 8 and 17 were isolated from PTE5B2, compounds 9 and 10 from PTE5B4, and compounds 2, 16 and 18 from PTE5B5, PTE5B3 and PTE5B6, respectively. Compound 8 was obtained from PTE5C by CC over Sephadex LH-20 using MeOH.
Measurement of adipocyte differentiation: 3T3-L1 mouse embryo fibroblasts were obtained from the American Type Culture Collection (Manassas, VA). Cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS). Cells were stimulated to differentiate with differentiation medium containing DMEM with 10% FBS, 0.5 mM 3-isobutyl-1-methyl-xanthine, 1 μM insulin and 1 μM dexamethasone for 2 days (day 2). Cells were then maintained in DMEM supplemented with 10% FBS and 1 μM insulin for another 2 days (day 4), followed by culturing with DMEM with 10% FBS for an additional 4 days (day 8). All media contained 100 IU/mL penicillin and 100 μg/mL streptomycin. Cells were maintained at 37 o C in a humidified atmosphere of 95% air-5% CO 2 .The cultures were treated with test samples for the whole culture period (day 0-8) for general experiment. For the evaluation of time dependent activity, test samples were treated for indicated time-periods.
Oil Red O staining: Lipid droplets in cells were stained with Oil Red O [8] . For quantitative analysis, Oil Red O stain was dissolved with isopropyl alcohol and the optical density was measured at 520 nm by an ELISA plate reader.
Cell viability assay:
Various concentrations of test samples were treated to confluent 3T3-L1 cells. After 3 days, cell viability was measured using MTT assay. Cells were incubated with 0.5 mg/mL of MTT in the last 2 h of the culture period tested. Reduction of MTT to formazan was assessed at 540 nm in an ELISA plate reader.
Measurement of pancreatic lipase activity: Pancreatic lipase inhibitory activity was evaluated using previously reported methods, with a minor modification [9] . Briefly, enzyme solution was prepared by the reconstitution of porcine pancreatic lipase (Sigma, St. Louis, MO) in 0.1M Tris-HCl buffer (pH 8). Then, test sample was mixed with enzyme buffer, and incubated for 15 min at 37 o C. After incubation, 10 mM p-nitrophenylbutyrate (p-NPB) was added and the enzyme reaction was allowed to proceed for 15 min at 37 o C. Pancreatic lipase activity was determined by measuring the hydrolysis of p-NPB to p-nitrophenol at 405 nm using a microplate reader. Inhibition of lipase activity was expressed as the percentage decrease in the OD when incubated with the test compounds.
Statistical analysis:
The evaluation of statistical significance was determined by one-way ANOVA test with a value of p<0.05 or less considered to be statistically significant.
